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Introduction
where C 1 and C2 are unknown coefficients; both cannot be equal to zero at the same time; kx and ky are the uknown wavenumbers along the x and y axes, respectively. Substituting (3) into (2 a) and (2 b) obtains two sets of equations for kx and ky: 
For non-trivial solution conditions, the determinant of the coefficient matrix of (4 a), and (4 b) has to be equal to zero:
Therefore, the one important dispersion relation in the transcendental equation is obtained from the above determinant as 2)'Lk" (7) to obtain the cut-off features (p= l is the first root).
or Substituting (4 a) into (3),
It is obvious from (9) that k_#0, otherwise the solution becomes trivial. It is worth noting that owing to the non-integral nature, the mode indexes are determined by solving (7), which is derived from the Meissner boundary conditions on the two walls.
To avoid risk of confusion
with the commonly used TE,,, the superscripts pm (the index p is related to the superconducting walls) are used to designate the mode, s' in the WGCSW. In this case, the dominant mode is designated TE t°(p = 1 does not mean integer index along the x-axis, instead it is the first root of (7)). The above formula, however, does cover conventional waveguides in which H=occos k__r cos kyy when zL-" _, as is evident from (8). There are no TE°" modes in the WGCSW, in which property it is quite different from conventional waveguides. "
Therefore, the cut-off wavelength ;-c is obtained as
2_
;.C=k--_ (ll)
The numerical results of cut-off wavelengths for some TE p" modes are listed in the Cut-off wavelengths for some TE _ modes (2, = 10-v m, a = 2b; for At= 10-s m there is little difference in the values).
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R. Yalamanchili et al. London's equations and the two-fluid model are used to investigate the current distribution on the surfaces (x=O and x=a). The total conduction current density consists of the superconducting current density J0 and the normal electron density J, based on the two-fluid model. This model assumes that the conducting electrons in the WGCSW walls are divided into two categories. We use a different method to describe their distribution. The surface superconducting current JR due to superelectrons is calculated based on the London relation and appropriate boundary condition first. Then the normal surface current ./,n due to normal electrons and the losses is calculated using the approximate resistive boundary condition and the perturbation approach.
The superconducting current J0 in two isolated walls in which each wall is considered as a simply-connected superconductor using a thin-film substrate is given Thus, the London relation guarantees that the vector potential is a 'real field' that is completely specified. Equation (18) is called Lorentz's gauge, which gives rise to the relation between the electric field E and the vector potential A. in the air region.
Before solving the current distribution problem, it is important to determine the boundary condition at a boundary between the two media (here, the superconducting medium and air for walls x=0 and x =a; the perfect conductor and air _'or walls y = 0 and y = b). The boundary condition on the tangential components of fields (J, and A,) for the simply-connected superconductor is
where the subscript 'at' denotes the component tangential to the boundary in the air or the applied field region; 'st' denotes the component of supercurrent density tangential to the boundary in the HTS. Note that ./,t is the bulk current. Once Ao is known, the current density J,, and the surface supercurrent density ./u, are readily calculated. The solution satisfying (17) and (18) 
Attenuation coe_cient
The attenuation caused by two superconducting walls and two conventional 
Phase velocity, oroup velocity and phase dispersion
where c is the speed of light in free space. Our work shows that the phase velocity (group velocity) of the WGCSW for the dominant TE 1°mode is smaller (greater) (by about 1.4%) than that of conventional waveguides with the same dimensions and frequency becausefc is smaller than that for conventional waveguides. Therefore, the dispersion produced for the same geometry is small. In summary, the signal distortion due to dispersion in the WGCSW is reduced dramatically by two superconducting walls.
Maximum transmitted power (dominant mode)
The maximum transmitted power in the WGCSW is given by
where r/o is the intrinsic impedance of the medium inside the waveguide, and the mangitude of the electric field intensity IE_,I is given from (15 c) as
In the Meissner phase, the maximum electric field intensity and power in the WGCSW are smaller than that of conventional waveguides (29 kV cm-_ and 11 kW)
because Ho is very small. For example, they are about 60Vcm-_ and 26mW for
Ho_ _77mAcm -_, and 3kVcm -_, 64W for H,_3-85A cm -_, respectively. It is clear from (26) and (27) that the transmitted power and maximum electric field are dependent on the London penetration depth (kcoc l/At.). The larger the London penetration depth, the larger is the transmitted power and maximum electric field. It should be noted that the penetration depth also increases with temperature, which means that more power is carried by the WGCSW.
Conclusions
A theoretical analysis for a waveguide with two conventional and two superconducting walls has been presented. It is based on high-To superconducting electromagnetic theory and M¢issner boundary conditions. The important implications of this paper arc:
(a) the bandwidth of the WGCSW is greater than that of conventional metallic 
